Crystal structure of the complex of ribulose-1,5-bisphosphate carboxylase and a transition state analogue, 2-carboxy-D-arabinitol 1,5-bisphosphate.
The crystal structure of the binary complex of nonactivated ribulose-1,5-bisphosphate carboxylase/oxygenase from Rhodospirillum rubrum and a transition state analogue, 2-carboxy-D-arabinitol 1,5-bisphosphate has been determined to 2.6 A resolution with x-ray crystallographic methods. The transition state analogue binds in a rather extended conformation at the active site. The orientation of the transition state analogue within the active site could be determined from the electron density maps. The P1 phosphate group of the analogue binds at a site built up of residues from loops 5 and 6 of the alpha/beta-barrel. The phosphate group interacts with the side chains of the conserved residues Arg-288, His-321, and Ser-368 and with main chain nitrogens from residues Thr-322 and Gly-323. The second phosphate group of the transition state analogue binds at the opposite side of the barrel close to loops 1 and 8. Significant differences for the positions and interactions of the P2 phosphate group with the enzyme are found in the two subunits of the dimer. The different mode of binding for this phosphate group in the two subunits is interpreted as a consequence of different conformations of the polypeptide chain observed in loops 6 and 8. The P2 phosphate group interacts with the sidechains of Lys-166 and Lys-329. Loop 6, which is disordered in the nonactivated, nonliganded enzyme is considerably more ordered in one of the subunits, probably due to the interaction of the side chain of Lys-329 with the P2 phosphate group. Almost all oxygen atoms are hydrogen bonded to groups on the enzyme. The carboxyl group forms hydrogen bonds to the side chain of the conserved Asn-111. The binding of the transition state analogue to the nonactivated enzyme is different from the binding of the analogue to activated spinach ribulose-bisphosphate carboxylase.